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SUMMARY 

Results of tests on a P-5XB airplane in the full-scale 
tunnel showed that an Increase in maximum speed of 3 
1+ miles per hotir could be realized as a result of sealing 
the wing-gun access doors and flap-spar lightening holes. 
Plight tests on the same airplane were made to check 
wind-tunnel results. Because of Inconsistent' variations 
in speed of a greater mangnitude .'at the same altitude and 
with the same estimated engine pow.er, no such small 
increase in speed could be isolated. In an effort to 
explain these variations in speed, considerably more 
testing and 'analysis were carried , 

. This further study showed- that* near the m^imum 
level-flight speed a sudden rise in Cd/t) (ratio' of air- 
plane drag coefficient to propulsive efficiency) occurred 
that could be explained either by Sh lh^ 
coefficient or a decrease in propeller efficiency. -It • 
is shown that such. ^ abrupt increase in drag coefficient 
is unlikely and that this effect is more probably due 
to rapidly decreasing propeller efficiency. Because no 
torqijMetetf:-#^ ''a:Vi|iTaKLc'fb^^^^ feibs ' bh#' val^^^^^ of 

the flight-test data as a measure of changes in drag 
coefficient or propell^er efficiency was considerably 
reduced by apparent inaccuracy in estimates of 'engine 
power. In spite of this limitation, however, the 
analysis of %he data does indi^^^^ that appreciable 
losses in propeller efficiency were encountered in the- 
maximum level-flight-speed condition near high blower 
critical altitude . 
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INTRODUCTION 



At the request of the Army Air Forces, Air Technical 
Service Command, flight tests were conducted by the 
National Advisory Committee for Aeronautics to check the 
improvement of 3 bh il- miles per hohr in the maximum speed 
of the airplane that was Indicated by full-scale 

tunnel tests (reference 1) to be the result of sealing 
the wing-gun access doors and flap-spar lightening holes. 
Because of large arbitrary variations in speed at the 
same altitude and with the’ sane estimated engine power, 
it was not possible to measure any such small improvement. 
In an attempt to find the causes of these variations in 
speed, airplane polars were made at 5^00, 10,000, 20,000, 
and 31»G00 feet, and an extensive analysis of the test 
data was undertaken with a view to Isolation of the 
effects of various f actons suspected of contributing to 
the Inconsistency of the ■airplahe’*s performance. The 
test data and ahalysls are presented herein. 



AIRPLANl 



General views of the P-«51B airplane are shown in 
figures 1 to 5* The long airspeed bo oni on the right 
wing was removed for all of the speed test flights. 
Additional data pertinent to the tests are as follows : 

1. Gross we i ght at take'^off including l80 gailons' of ' 

gas, ' SSijlO pounds . - ' / ‘ 

2. Engine; Paekard-bullt Rolls Royce, model ■V-I650-3, 

A*P. No. I4.349089. ■ 

3. Carburetor; Bendlx-Stromberg PDI8A-I, parts list 

No. 395200-6 except with No. if-Y bleed in density 
compensating system, Serial No. ll^220il* 

Propeller; Hamilton-Standard j 6I|.87 -2I4-, four blades, 
11 feet 2 Inches in diameter. (See fig. 1.) 

5. Wing-giin ports and wing-rack fittings taped over as 
shown in figure 6. • 

. Free- air resistance bulb thermometer Installed on 
under surface of wing. (See figs. 6 and J,) 
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7 . :::|n t 

wing. (See fig. 7*) 

Q» SPw^iep: v:iiini;p»ii i«llenr.^ :::wi.i®»sj:i|i:4^^ 

:> 1-0 iso-i-i|o« loil.- -i&#iy;t--o . 0 .III o^r, -oooi 

iiiiiliiiiiip»® ip::i-ii|iiiM piiii^illili^ If 

.ciiiipn' tipi »:f ii siii 

: : ■ swings -wis:'' :-;|ieftoii^ gi^iiig t 

- putty siii -:i©««eiis svini* ::::j|ente ^anii P©ppPing?rprdi;ufe©Papa^ 

: wi th sand paper . . ■ t I' : i; #;r :s £ 3 

10. For fli^gtiitS! ^6 -ands :'7-^ '^1®® ■iiingi*gunfr:aeG:ea:s :s:dPPI*a| 
the flap-spar lightehing holes were net sealed. 

Prior to flight 8, cellulose tape was placed over 
the wing-gun access doors and fabric was doped 
over the flap-spar lightening holes. All subsequent 
flights were made with this Gonfiguratlon.^^^^^^^^^^^^^^^^^^^^^^ 



APPARATUS 



Special equipment installed for these tests included 
synchronized NACA pressure recorders for airspeed, 
altitude, manifold pressure, and carburetor metering 
pressures; Control-position reborders on coolant and 
oil shutters; recording revolution cotinter for engine 
speed; limit switches on the front of the wheel-well 
closures connected to lights in the coekpit;# thermo- 
couples and indicators for manifold teinperatures bef-ore 
and after the aft:erc©ole:r,::^:;«d sensiiive^ihdii'at:ihg 

altimeter and ^S:ensi.tiye:s '^airspeed indicator. t 

Oil and coolant tepperat^ires Were measured with the 
service installations. 

" ?pr:ae»!air •< stenper atuhls::^- ^werd::: Pe •asure d with thef f ree--'ai r 
resirtince^:£ huib ihe:rmoflieiers- \('f igs-^^ '■ 6 and 7 ) ^'ipsi allb-dt-^Gn^^ 
thi--l^iwer 'Surfaie ’•o^i^^^-the'^^ieits^ ^fb'bsb'ablish the 

rise in temper at ures:i|ndic.ati:Ohi^ ddii'to::' Pbrwardi speed, thP- 
installation was calibrated in flight at altitudes of 
5000 and 30*000 The rise obtained was approximately 

70 percent of the theoretical adiabatic rise and was 
independent of altitude (fig. 8 ) . 
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The airspeed head used for these tests consisted of 
a Kollsman head mounted with the static holes 0.J5 chord 
length ahead' 6f the ■wing (fig. 7)* The drain hole in the 
head was plugged to remove the small error in total head 
due to this cause. The position error of the static side 
of the.'head was calibrated by observation of the altlmete?»:' 
in fijghts at different speeds past a reference landmark 
of known elevation. Tests were made to determine the 
variation in the position error with altitude'^ because of 
the change in the pressure field forward of the stagnation 
point of the wing with a change in free -stream Mach number 
at a constant indicated airspeed. Another boom with the 
static orifices 0,9if chord ahead of the wing was 
instailled for these tests to measure a reference static 
pressure, static pressures at this station shov/ negligible 
changes with\_chOT.g'es /in Mac:h'‘'h 2 ) . ; 

Figure 9 shows .the^^^ determined at -sea level 

and also the error at 5000 ’®^ 30,00(3 feet* Tunne'l data 

(reference 2) were used as a guide to fair the flight 
test points . The correction increased with altitude 
but at 50,000 feet amounted to only 1.1+ miles per hour 
at the highest level-flight speed. 



TESTS 



The test program consisted of level -flighty high- 
speed runs ' at ml lit ary- rated power (6l in. Hg att3Q00 rpm) 
or full throttle at pressure altitudes ranging from , 

29.000 to 55 > 0.00, feet and speed-pcWe^ polars at .5OCIO;, rpm /. 
at pressure altitudes of §000, ^10-, 000>' 20,000, and:lie 

31.000 feet. Above 25,500 fee5 the engine was oper-ated- 
in high blower .and below 25,500 feet in low blower . In 
addition, one flight was made in high and low blower at 
25,500 feet and one flight at 5OOO and 2?00 rpm at . 

51.000 feet . The airplane was in the high-speed condition 
' thr oughou t , f 1 ap arid ■ ge'ar up , wi th the pres t on e shut ter 
set at 7»9 inches gap (distance from the fuselage tp -the 
trailing edge of the shutter). The oil shutter control 
was set in automatic and the carburetor mixture control . 
..■wfas set in automatic rich for all runs* 

Records were taken only after allowing several 
minutes to be certain of reabhing stabilized conditions. 
The pilot maintained constant altitude and airspeed as 
closely as possible by reference to a large sensitive 
altimeter and a sensitive airspeed Indicator, 
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PHP 
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IHP 
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nc 



aspect ratio of wing 

engine brake horsepower 

exhaust jet thrust horsepowlr estimated 
r; #§ cordihisibb'ti ref ahenosi:|iit.#iiihit«^ 
"-re:bhiredisi©r!:i tppii^sthitiibbi^ charge air 
relative to the airplane 2 ' 

- ^ I 3 . :: I -,::- '-D > 

airplisne dragnrcbeffiedehb, ^issfDb"'* mAe 
^as:sunii d K pr b f il m df coef fi cien t : * #t zero 1 if t 



aerodynamic refinement parameter 

airplane lift Coe fficient 
power coeffiCiMt, 



propeller diameter, feet 

engine cylinder diameter. Inches 

airplane efficiency factor 

engine friction horsepower 

acceleration of gravity, feet per second 
per second . 

englnei : ipdi c ated hors eppwer •: . 

stroke , inches 

sin g |ne<*i :f p e |4f rpmi> 

propeller rotational speed, rps 

number hf Bylin ders 



550 BHP 
pn3D5 



n propulsive efficiency 

Pi pressure at carburetor top deck. Inches of mercury 

Pnian manifold pre||||^^^^|S of mercury 



6 







PHP 



I 

S 

SHP 

T 

Tp 

AT 

Tl 

V 

Vd 

Vt 

Wc 

0) 



P 



static pressure df lfl*ei streani 

static pressure registered by airspeed head 

total pressure of free stream 

pressure drop from carbiiret or top deck to boost 
venturi throat. Inches of mercury 

pumping power of engine; relative net power 
output of Induction and exhaust strokes , 

true Impact pressure of free stream 

measured Impact pressure of free stream 

wing area, square feet 

horsepower absorbed by supercharger 

ambient free- air temperature 

observed free-^alr temperature 

Tp - T 

air temperature at carburetor top deck, °P 
true speed, miles per hour 
engine displacement, cubic feet 

tip speed of supercharger Inpeller, feet per second 

weight charge air flow, pounds per hour 

weight charge flow, pounds per hour 

specific weight of charge air at carburetor 
top deck, pounds per cubic foot 

free-alr density, slugs/per cubic foot 

free- air density ratio 
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Engine Power 

B©:Ostms^e^ no toro!niiiiie:i:jiiEe:ii;l«i:ilii:^l 
tjae- engine power: •::|’|ii;i:'-rp:OWir'^^^^ 

charts (reference 5f ’'|li3i pressure, engine 

speed, and|prf#:iidf e e|tlihde of t|ie test:.^ Phe ineesured 
manifold temp|:riap5i|re %»ie#**Widei|’|:i|l|;iir^-»^^ 

Identical cond,ltions and In such a way that the effect 
of the measured differences In speed was exaggerated by 
the apparent change In power. To avoid using these 
erratic manifold temperature readings, the chart power 
was corrected by the square rbot of the -hatlo of standard 
free-alr temperature to observed carburetor- air temperature. 
The assumption of constant dftereoOler effectiveness With 
constant shutter position was necessary. Ihen chart 
power is used hereafter. It Is to be understood that the 
carburetor- air 'temperature correction Is Involved. 

When the data were reduced using this chart power, 
certain peculiarities were In evidence which could have 
arisen from errors In estimates of power. A comparison 
of the power estimates with the measured we Ight air flow 
to the engine brought out the fact that near full power 
In high blower at 3 OOO rpm the specific air cbnsutmptlon 
Incre ased far more rapidly than could be accounted for by 
the changes In fuel -air ratio. Furthermore, specific 
air consumption was different for high and low blower 
operation after the difference in supercharger power was 
allowed for (fig. 10) . ^ f | 

It was expected that an estimate of power based, on 
measured charge weight ^rair flow might remove some of the 
peculiarities noted in the data based on chart power. The 
direct measurement of 'ch ah ge weight air flow, however, 
produced no, more logical results. Because neither method 
of powe'r estimation Is satisfactory In all respects, the 
following .::;:; 0 |!aip:sis. Is made with regard to both methods . . 

In the appendix there, is given a discussion of the 
method of measuring the charge weight air flow and its 
use In the estimation of engine power. 
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EPPECTS OF mBOmmT PliTeiS 01 SPEED 



In order to determine the effect of changes in a 
given airplane, it is convenient to express the 
power~drag relationship in the form 




where 

V true speed, miles per hour 
BHP ^ engine brake horsepower 



AHP exhaust jet thrust power estimated according to 
reference I4. minus horsepower required to stop 
the incoming Charge air relative to the airplane 



CF free-air density ratio 

n propulsive efficiency 

C^, airplane drag coefficient 

S wing area, square feet 



In this form, speed is 
parameters; the first, 



di recti 
/BHP + 



a 



^^pro^ortional to two 
^ , measures the 



contribution of the engine 
exhaust jets ; the second. 



, supercharger, air scoop, and 




a measurement of 



the aerodyn araic refinement of the airplane and propeller. 
Since the propuls Ive efficiency enters into the power 
par ameter , the aerodynamic refinement parameter is not 
entirely independent. At the highest altitudes for this 
airplanej however, the magnitiide of the AHP/r) term is 
never gre ater than I7 percent of the whole power parameter, 
assuming a propulsive efficiency of 80 percent. An 
overestimate of propulsive efficiency of 10 percent would 
therefore decrease the power estimate and the value of 
CqSAi ty 2.5 percent. 




■ t 










■S0^!^^eM::§ii^ d tf fef e|it :^;j|| 

f.® a| § :gspi j a#||i|ig^^ 'i|||i||lip^s^ il^ I in :| ta .1 

:•! api ail (ad!*: :? I ri * ^ «f i%H ;■? f% rjf * :* 4-ii «. iS :;! «. f.i «. !;i «r is if fsid 



The possihlllty that deteplopatlw of tha wing 
surface might aceount for; the change In aerodynamic 
refinement was Investigated,: Before flights 5 ®nd 8, 

• • ! ! ■;: I! ,:: - ;; I:..;::! J u l ' 'lii ' dsf Idl !l l!| :!f; 

Which show the higher values^ the wing sxjrface 

was filled &id sanded. Before flights 6 and 7» snd 9 sind 
10, no additional filling was done , but the wlpg was 
wiped off and any protuberances were sanded smooth. Before 
flight 11, special care was taken in reflnishing the 
wing In” ah' eff brt 'td''heMalh”'ihe highehsJgddlli-^df 

: f ^ i : ' .. :: : "a:.:: ,: : a 

5 and 8, but the values were again in the lower 



group. Other than keeping the wing free from dirt and 
protubermices, no refinishing was done after fll^t 11 
and no further decrease in aerodynamic refinement was 
noted,' In view of the care taken with the wing finish, 
it Was considered unlikely that the condition of the 
wing surface was responsible for the large changes in 
speed and aerodynanlc refinement, especially since the 
indicated spread of 9 percent In (Cps/ri) would require 
about 27 per cOnt change in the profile drag; of the nidng 
alone. , , 



The possibility of a progressive loss in powe^ » , 
output of the engine which would not be reflected in the 
air flow or manifold pressure measurements was also 
investigated. The Spark plugs were replaced and the 
ignition timing and valve; clearances were adjusted to , 
the op timijm conditions af ter fiight 11. Speed and ■ 
aerodynamic refinement remained the same on tiie subsequent 
flight, flight 12. As a further check on its power 
outi®Mt|ir the ;eipineiiwai; the f Packard; sMotor; I c:;** • 

Company for duplication Of the original r^an-in tests. The 
results of these tests are presented in table I. No 
significant change in engine power was noted in the 
check runs at; those power conditions for which data were 
available from the original run-in tests* 
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Because both the speed and the power estimates depend 
on the measured valpe of free- air temperature, it wa's 
considered possible that random errors in the temperature 
could account for the ihCdhsistent values of aerodynamic 
die annes s : ih iim ;* |il f i'|ur e # if ^ and £-§h§ tbilp f 
1 n s t al 1 a tf oh;"'5iai^ ■' :ihi c ■•-ih Ihi^ t h#* '■ e f f pit-* ;; if: 

liiiieht"^-*teilpinltdf e®5® 

bulbs were mounted at several other points on the airplane 
for comparison in flight. The reading of one resistance 
bulb was chicked against an alcohol thermometer during 
the same flight tests. These checks revealed no 
possibility of random error in temperature greater than 2° P. 
Errors of the order of 10° P would be necessary to 
account for the spread of aerodynamic cleanness shown' 
in figures 11 and 12, The variation of free- air 
teraperature with altitude observed during initial 
portion of the test program Is . shown In figure: 13 • 

■ Airpl ane polars » - A series of tests. ^ made at 
51 , OOO feet at 5*^^^ rpm and v arylng throttle openings in 
an attempt to define the variation in aerodynamic 
cleanness at and near the maximum speed condition. 

Comparative tests were also made at lower altitudes . The 
data are presented in figures- lij. to 19. Airplane polars 
were constructed by plotting CgS/Vj* the Inverse cube 
of the aerodynamic refinement parameter, against the 
square of the lift coefficient . For the portion of the 
speed range shown in the figures, airplane drag coefficient 
should vary linearly with the square of the lift coeffici ent . 
The dotted line in figures 1I4. and I5 shows the variation 
that might normally.be expected with a profile-drag 
coefficient at zero lift of O.OI7, a constant propeller 
efficiency of O.8O, and ah airplane efficiency factor 

of 0.85. ■ ■ : 

The data in figures ll|. and 1 5 depart from the 
expected values both in magnitude and In slope. The 
unreasonable values of at low speeds at each 

altitude indicate that the power estimates are too low 
in this region. The increase in CpS/q as the speed and 
power are Increased may also be due to inaccuracy in the 
estimate of power but several trends are present which 
le ad to the belief that other causes are also present. 

The rapid rise in GpS/n near full throttle at 
3i>000 feet shown in figure ll|. and to a lesser degree 
in flg-ure 15 could be ascribed^ wholly to inaccuracy in 








||/ ge s^lljr# ^ t ' 

due s^s .,aitff ejii»c€^^ ,:i^^^ii;ib®teai«ii;iJife*:i^ I %t i-imCKS 

?32ilfe ,vgei».i'ii£”?ir«®A 

and gsl^. ./^eiljd! be jb:^ee;iiA;':::3i#r ^Iffc 

were irai|®eps4i^:”b» ;#3pt'iireirt3iisilf'^^ :::;is^iliiii.i|g i* 

wi?feli ;;’iitia|pe^ id ^paete :»(iiii^ : :ie # ibfep jv^iu^s «f > t & 

CpS/r) teba?ii»sej«^si Isite siif lbii; ow a;0ii :i 

a3»fel;:ti*die?.:toGi?eii© ■;ii':;pef'b:ii;® ib^iiei^e ciSs 

=‘iii : ;:: toi rdiu% -"ib@r siP^i|s^^te#i*p^ flapill iiii:s 

not defined, tiithjisiulttfi^ tos j;i3iSiSi 

tlie::; ;ipeiiii;niiagip jii;Wabte 

that a ri^e If-aoiraffiifi^i^ tiic|iiiii^:» 

number, iWOi^d a;:,:lob® ihi,;pliopesfeiGib:: eMiiMiiiihbpi: 

with thiupa^^iiLIesr; bper;art;ihgi;:a%iMpr:3Pi®(^ igiiilo iii 

cthfc^M ,ri;iiG :;iii KaC^:fear|ef virilg’ 
the maxiMym^ ai;rpfti»e, :::pjaqp ::iUJrfcir * ’'5«^f,| ,;i ::r 

The 5“P®i’cent rise in CnS/ti near full throttle at 

^:|,;‘SQ0l:,|f ^itl ^in^Si,lrt:t:.fijp^li6 clip fief :!grM^ 
elipbiciiiiid ciliotii:i;lii:[ telfc''®#italsnni:cpii!d^je3W 
ereneiiisc:^^:iipiccj$|;W;i|oi^^ ijtilMliiil:® itei® «•» 

number <M> i iftiMi ci®th :c^bM#AiiiiMbi;ori::bic^^ 

of #0 peilc€grt;c,:to ipowep! 

prop©ftibM:£»|ftriiG|^^ p®irtD®0ip^ tlisnic^iCiiifiiiiiS 
expected. The rise in ^^^:rf !biio^i.to I^Csillbr :ic:; ,,, 

the same condition is of the same order but the ©stimated 
rise in power coefficient is less. If the ^to 5"'P6i’cent 
rise in CpS/r) is afiiii0||F: piiiiiji^ of 

decrease in propeller efficiency, the propeller must be 
operating in a more critical region with regard to Mach 

,^i«it|i:pste :|lb^ ■■ ■ ■ '* ' 



The ohisp appiaep:iiiiltte ciiigpge,^:in ci®5e;r;©itihg .^cishrtibfcipi?: 
shown in figure lIi- for the fullf throttle runs at 51,000 feet 
is a change in’ propeller tip Mach mrabCr of 0,02, ^cause 
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the :hi:^e:»t sipep^is thii:^|iigheetis 

temperatures, the 'Airplane Mach number changed little. • 

Per "'the 5 :# 0 ne^iiiahiiis^^<pr^*^^ r®#ilt|ilhi^^ gpjiito 

Mach‘<hiimb:ew iehrteit»ed^<::s:i^^^ fr®iili|;h tAp®rifchre:# 4ls.W 
increased. Because the effect on efficiency of change in 
p oTier ^»doef f i cSiiit ■-irtid>*iih:ili^ '•i|iacli: :inuii^ 

interreliiiedi- ltlie^c-:SiiEei:s:^ i|S:pdp^itd**;^ 'S.l ' 

throttle tests as are drawn from the airplane polars, ' • 

■ iiidibi-'dhal- -ey s^dih ce ■■thi© S'ths> llbh'-: 'if f lie ipi syi Ch- 

aff ected^ by ob^hhti oh-yt hi^^ Mhi 3 h<h\imber was hb© 
comparison with results of tests at 27OO: rpm. Polars 
obtained at 3OOO and at 27OO rpm during the same flight 
are shown in figures I6 to I9. The reduction In CpS/r) 
due to change in propeller rotational speed from 3OOO 
to 2700 rpm is of the order of 10 percent , Gomp arison 
with existing data on propeller efficiencies again 
Indicates that this change is greater by 3 5 percent 

than would be' expected, 'especially in view of the 
20 percent in 'crease in power coefficient when operating 
at 2700 rpm,-.-' The fact remains, however, that approximately 
the same speed was obtained at full throttle at 
51 , 000 feet with 3OOO and with 27 00 rpm e ven thou^ the 
estimated power for 2700 rpm was of the order of 
10 percent less. There can be no question of Ghanges 
in drag coefficient at the same, speed and .altitude 
during the same flight; the exact magnitude of the change 
in propeller effiGl.eney, however, depends on the 
accuracy of the power estimate. 

Evidence of loss in propeller thrust as far. inboard 
'-as the 0 .- 6 - radius at forward Mach nimibers as low -as 0.66 
was found in: a pressure' survey behind the propeller' 
cuffs reported In reference 7 * The conditions of ' 
operation were approximately the same as those.- for the - ■ 
high-speed condition at 31,000 feet, except that the ' ■ 
data were taken during a Shallow dive. 4 • . 

00 NCEUDING-. RE 1 \ 5 ARKS 



In spite- of the- questionable accuracy of the estimates 
of power used in the analysis of the data of this report, 
considerable evidence is- presented which Indicates that 
appreciable losses- in propeller efficiency were 
encountered in the, maximum level-flight-speed condition ' 
due to high propeller Mach number.- The gain in maximum 






speed obtainable by reducing the. propeller rotational 
speed should be sufficient to warrant a change in 
propeller reduction gearing from its present value 
of O.I 1.77 to at least. 0»i|.20 as is,. used on the Merlin 
68 engine. This change is comparable to operation at 
2700 rpm with thi:ii:.pbeiini"iii^iibtiiii^ 

Whether the propeller efficiencies obtainable at 
the rotati:in:al:i>:apeeiiir.s:ap»'#i^isohate^^ 

be :detsrihnt;d ‘:iif:lntteiy::Mt^ phippliiKife^^^^ iii’eai'.nttj 

made with a ^thrustt survey :f:in:d:>::Fa:s: It 

recommended that this be done in ohder 

possiblli ty of further improvement can be determined. 
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: CAIiCULATION OP BRAKE HORSEPOmR •3 ' 
FROM MEASURED WEIGHT AIR FLOW 



If the ::effe’hts-: -hf 'S':vari^mt:f 0 ii;^ ah:i-s|l»:t 

timing with engine speed are ignored and if changes in 
fuel-air ratio are small enough so as to have a 
negligible effect on thermal efficiency, the indicated 
horsepower of' an' engine may be considered to vary • 

linearly with the amount of air consumed. These conditions 
are met in the present tests since the effect of changes 
in fuel-air ratio over the operating range is small and _ 
all testing was done with engine speeds of 3OUO and 2J00' rpm. 

The weight' flow of charge air 'was determined by 
measurement of the pressure difference between the 
carburetor deck and the boost venturi throat. The 
carburetor was calibrated by the NACA Aircraft Engine 
Laboratory at Cleveland, Ohio. The calibration is 
presented in figure 20 aS an adaptation of the method 
proposed in reference 8 which makes the calibration 
applicable to any inlet temperature. Because the 
calibration based on carburetor top-deck pressure was 
not well defined in the region of maximum power at 
high blower critical altitude (Ap/P^ between O.5O 

and 0.60), the calibration based on measurement of 
carburetor total-head collector shoTOi' in fi^^ 20 
was used as a. guide in fairing thb calibration us 

A specific air consumption of 5«7 poiiXids per 
Indicated horsepower hour was chosen from consideration 
of dynamometer test data on this engine furnished by 
Packard Motor Car Company. 

The indicated horsepower may be expressed by the 
following relation: 



IHP 



Wa 

= jrr = 



BHP + SHP + FHP 



PHP 



Mi io. I4U.8 



where 

IHP indicated horsepower 

Wa weight charge*air flow, Ib/hr 

BHP brake horsepower 

SHP horsepower absorbed by, the, 

PHP friction horsepower 

PHP relative net power output of induction and 

exhaust strokes 

The power absorbed by the supercharger was calculated 
from the Impeller tip speed and the mass charge flow, and 
is given by the following relation based on momentum 
cbnsi derations: ' 

: :vt- r:. 

" 550 X 3600 ^ g 

where • 

Vt impeller tip speed, ft/see 

We weight charge flow, Ib/hr 

g acceleration of gravity, ft/sec/sec 

Supercharger power computed in this manner agrees well 
with test data furnished by Packard for a similar’; 
supercharger, Tpere will naturally be some slip present 
which will cause the power absorbed by the Supercharger 
to be overestimated by a few percent. This difference is, 
however, largely nullified by losses in the gearing. 

In this case the supercharger power may be overestimated 
by about 5 pereent. This means that the values of brake 
horsepower may be 1 percent too low. 

The friction horsepower,, was calculated from' the 
following relation which is derived in detail in 
reference 9J 

PHP =f 15 X 10 nc U X N X d 



where 



ric number of cylinders 

I stroke, in, 

N engine speed, rpm 

d cy 1 1 nde r di ame ter , In . 

or for this engine 




The pumping power Is approximated by the difference 
in the work done on the piston face by the charge at 
manifold pressure and the work done by the piston on the 
exhaust gases at engine back pressure. For these tests 
the brake horsepower was adjusted for departures from 
60 inches of mercury manifold pressure and 50 inches 
of mercury back pressure. The back pressure was assumed 
to be equal to the altitude pressure. 

where 

Pman ; manif Ov 3 .d pressure , in. Hg . , 

Pg , , altitude pressure^ in,. Hg 

50 reference manifold pressure (60 in. Hg) . 

reference •'altitude pressure (50 in. Eg) ;’' 

N engine speedy rpin 

engine displacement, cu ft 

This rel at 1 -onshIp ' is at best an approximati on and may 
give rise to appreciable inaccuracy in the .power estimates 
where the magnitude and the change in pxamping power is 
large. In these tests, both the manifold pressures and 
altitude pressures varied over a wide range, and a 
closer es timate of the pumping power may be necessary for 
consistent and reasonable results . 
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The brake horsepowey.jaay be calculated from 
equation (1) by using the results of equations (2), OJ4.) , 
and (5)» 

’ indidaiids*::i:pbi4:fiici: i|:iiuio^ 
expected to vary slightly: from low power to high power, 
because of changes in fuel-air ratio. The fuel-air 
ratio:' iS::::"de:terH#heii:" ^ C:Oiiplils a|bi ,^T:r||eil:rillg 

premsurei ^ailds: thOa sch|pge:|fMni flowi;^ a 

minimum of 0 .:if;|is’ atr:etht'sl:Owei*^ ;pnWi;ii:ilini:::?!»::® 
of 0.095 at high powers. This variation w;ould»make the 
estimate of power as much as 2 percent too high in the 
high-power range and as much as 2 percent too low in th| 
low-power range . : .i-:. ' : 

A composite power chart is given in figure 21 
with IHP, Mp, and shp plotted against weight air flow. 

> It is not absolutely correct to plot SHP against 
weight air flow for this airplane sinci carburetlon is 
accomplished before the supercharger. The SHP on this 
chart has been calculated on the basis of air flow and 
increased in the ratio of 1 . O85 to account for the 
weight of the fuel. The fuel-air ratio varies 
from 0.075 to 0,095 so that the maximum discrepancy in 
the chart value of SHP will probably not exceed^^l percent 
in SEP or approximately ± 0.3 percent in BHP. 

It is not inferred that brake horsepower calculated 
by the weight air-flow method is more accurate, as far 
as general level is concerned, than that obtained from 
the power ’charts; the fact that*' both estimates of power 
give rise to abnormally ■low'drag 'coefflclents in the 
low-speed range indicates that neither is accurate . Both 
estimates are used in the analysis be cause, 'in ?genehal,' 
the same. effects are shown; the difference is principally 
one ' Of ma^ltUde. 
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COMPARISOIT OF ENGINE PESPORMANCE BEFGRE AND AFTM FLIGHT TESTS 





Origina 

la 


1 Run-In 
y 31, I 9 h 


Tests 

3 


Super- 
charger 
gear ratio 


S 


^man* 
in, Hg 


Man. temp.f 
op 


f/a 


V, 

Ib/hr 


Observed 

bhp 


Low 


2700 


46 


168 


0,0852 


6890 


995 


High 


2700 


46 


210 


.0804 


6805 


857 


Low 


5000 


61 


192 

] 


.0891 


10190 


1367 



Check Run 
Oc*fcober 2 , 19^1* 



Super- 
charger 
gear ratio 




^man, 
in. Hg 


Meua. temp. 

Op 


f/a 


Wa, 

Ib/hr 


Observed 

bhp 


bhp 

corrected 

for p/a 


Low 


2700 


46 


165 


0.0769 


7156 


990 


985 


High 


2700 


46 


210 


.0766 


6777 


831 


821 


Low 


3000 


61 


192 


.0828 


10302 


15 81 


1364 



Note: Before removal from airplane, this engine had accumulated 

50 hours and 45 minutes of flight time. 
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Figure 1 , - 
Figure 2 .- 
Plgure 3 • “ 
Figure ij.,- 



Pront view of P-5IB alrplsne.; -; 
Three-quarter front view of airplane . 

Side :ylew .:,of P-5IB airplane. . ' 
Three-rquarter rear view of P-5IB airplane-. 



Figure .5 •- Rear view of P-5IB airplane. - 

Figure 6.- Free air resistance bulb thermometer Instal- 
lation and seals over wing gun ports and wing fittings 

Figure 7 *- Special short-boom airspeed head. 

Figure 8.- Flight calibration of free air temperature 

installation. 



Figure 9 '-.- Position error of static pressure of- short 

boom airspeed head. ■■ 



Figure , 10 .- Variation of weight air flov/ with indicated 
horsepower at 3OOO rpm based on Wright Field power - 
charts and carburetor air temperature. 

Figure 11 .- Bffect of density on performance near high 
blower critical altitude. Brake horsepower from 
measured charge air flow. 

Figure 12 .- Effect of density on performance near high 
blower critical altitude. Brake horsepower from 
povifer' charts. 

Figure 15 *- Variation of free air temperature with 
altitude for Initial high speed flights near high 
blower critical altitude. 



Figure 1I4,.- Airplane, polars at a series of altitudes. 
Brake horsepower from measured charge air flov^. 

Figure 14.- Concluded. 



Figure I5.- Airplane polars at a series of altitudes. 
Bvake horsepower from power charts. 
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FIGURE UEGENPi; Concluded 

Figure l 6 . - Effe^l of reducing propeller tip spped at 

31.000 feet pressure altitude. Brake horsepower from 

.measured charge fair ft ow-. :- . ■. ,» ■ ■ 

Figure 17 • - Effect of reducing . propeller tip- speed at 

51.000 feet pressure altitude. Brake horsepower from 

power charts.' . ; i . . . 

Figure 18.- Effect, of reducing, propeller tip speed at 
51 ,. 000 feet pressure altitude. Brake horsepower from 
.. measured charge' air; flow. ■ ' » 

Figure 18.- Concluded.. 

Figure 19.- Effect of reducing propeller tip speed at 

51 ,OGO.-fest pressure , altitude i '■ ■.Brake -horsepower from 
power charts. - ■ ; ■ ■ ..0 

Figure 20 ,-- Calibration of Bendix-Stromberg PDISAI ■ 

■ carburetor seri al . number ..llj-HROii-. f 

Figure 21 .- Power chart based .on • the measured weight 
change, air flow. 
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Fifurt 6.- Free air resiitance bulb thermometer installation 
and seals over wing gun ports and wing fittings. 
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Figure 8«- Flight calibration of free air temperature installation. 
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Figure 9.- Position error of static pressure of short boom airspeed head. 
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Figure !!•- Effect of density on performance near high blower 

critical altitude. Brake horsepower from measured 
charge air flow. 
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Figure 12.- Effect of density on performance near high blower 
critical altitude. Brake horsepower from power 
charts. 
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Figure 13.- Variation of free air temperature jn.th altitude for 

initial high speed flights near high blower critical 
altitude. 
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Airplane polars at a series of altitudes. Brake 
horsepower from measured charge air flow. 



Figure 14 
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Airplane polars at a series of altitudes, 
horsepower from power charts. 



Figure 15 
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Figure 16.- Effect of reducing propeller tip speed at 51,000 feet 
pressure altitude. Brake horsepower from measured 
charge air flow. 
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Figure 17.- Effect of reducing propeller tip speed at 31,000 feet 

pressure altitude. Brake horsepower from power charts. 
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Figure 18.- Effect of reducing propeller tip speed at 31,000 feet 
pressure altitude. Brake horsepower from measured 
charge air flow. 
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Figure 18.- Concluded 
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Figure 19,- Effect of reducing propeller tip speed at 31,000 feet 

pressure altitude. Brake horsepower from power charts. 
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(b) Referenced to top deck static pressure. 

Figure 20.- Calibration of Bendix-Stromberg PDlSAl carburetor 
serial niimber 142204. 




Figure 21.- Power chart based on the measured weight charge air flow. 







